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(57) The present invention relates to a method of 
preparing BCH-189 and various analogues of BCH-189 
from inexpensive precursors with the option of introduc- 
ing functionality as needed. This synthetic route allows 
the stereoselective preparation of the biologically active 
isomer of these compounds. p-BCH-189 and related 
compounds. Furthermore, the stereochemistry at the 
nucleoside 4'-position can be controlled to produce 
enantiomerically-enriched p-BCH-189 and its ana- 
logues. 
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Description 

TECHNICAL FIELD 

The present invention relates to methods and com- 5 
positions for preparing antiviral nucleoside analogs, par- 
ticularly BCH-189 (2',3'-dideoxy-3"-thia-cytidine). More 
particularly, the invention relates to the selective synthe- 
sis of the p-isomer of BCH-189 and related compounds 
as well as the selective synthesis of enantiomerically- io 
enriched BCH-189 and related compounds. 

BACKGROUND ART 

In 1981, documentation began on the disease that is 
became known as Acquired Immune Deficiency Syn- 
drome (AIDS), as well as its forerunner AIDS Related 
complex (ARC). In 1983. the cause of the disease AIDS 
was established as a virus named the Human Immuno- 
deficiency Virus type 1 (HIV-1). Usually, a person eo 
infected with the virus will eventually develop AIDS; in 
all known cases of AIDS the final outcome has always 
been death. 

The disease AIDS is the end result of an HIV-1 virus 
following its own complex life cycle. The virion life cyde 25 
begins with the virion attaching itself to the host human 
T-4 lymphocyte imnune cell through the bonding of a 
glycoprotein on the surface of the virion's protective 
coat with the CD4 glycoprotein on the lynrphocyte cell. 
Once attached, the virion sheds its glycoprotein coat, 30 
penetrates into the membrane of the host cell, and 
uncoats its RNA. The virion enzyme, reverse tran- 
scriptase, directs the process of transcribing the RNA 
irrto single stranded DNA. The viral RNA is degraded 
and a second DNA strand is created. The now double- 3S 
stranded DNA is integrated into the human celt's genes 
and those genes are used for cell reproduction. 

At this point, the human cell canies out its repro- 
ductive process by using its own RNA polymerase to 
transcribe the integrated DNA into viral RNA. The viral 4o 
RNA is translated into glycoproteins, structural proteins, 
ar>d viral enzymes, which assemble with the viral RNA 
intact. When the host cell finishes the reproductive step, 
a new virion cell, not a T-4 lymphocyte, buds forth. The 
number of HIV-1 virus cells thus grows while the number 45 
of T-4 lymphocytes decline. 

The typical human immune system response, kill- 
ing the invading virion, is taxed because a large portion 
of the virion's life cycle Is spent in a latent state within 
the immune cell. In addition, viral reverse transcriptase, so 
the enzyme used in making a new virion cell, is not very 
specific, and causes transcription mistakes that result in 
continually changed glycoproteins on the surface of the 
viral protective coat. This lack of specificity decreases 
the immune system's effectiveness because antibodies ss 
specifically produced against one glycoprotein may be 
useless against another, hence reducing the number of 
antibodies available to fight the virus. The virus contin- 



ues to grow while the immune response system oontin- 
ues to weaken. Eventually, the HIV largely holds free 
reign over the body's immune system, allowing oppor- 
tunistic infections to set in and ensuring that, without the 
administration of antiviral agents and/or immunomodu- 
lators, death will result. 

There are three critical points in the virus's life cycle 
which have been identified as targets for antiviral drugs: 
(1) the initial attachment of the virion to the T-4 lym- 
phocyte, or macrophage, site, (2) the transcription of 
viral RNA to viral DNA. and (3) the assemblage of the 
new virion cell during reproduction. 

Inhibition of the virus at the second critical point, the 
viral RNA to viral DNA transCTiption process, has pro- 
vided the bulk of the therapies used in treating AIDS. 
This transcription must occur for the virion to reproduce 
because the virion's genes arc encoded in RNA; the 
host cell reads only DNA. By introducing drugs that 
block the reverse transcriptase from completing the for- 
mation of viral DNA. HIV-1 replication can be stopped. 

Nucleoside analogs, such as 3'-azido-3'-deoxythy- 
midine (AZT). 2',3'-dideQxycytidine (DDC). 2'.3'-dideox- 
ythymidinene (D4T), 2',3'-dideoxyinosine (DDI), and 
various f luoro-derivatives of these nucleosides are rela- 
tively effective in halting HIV replication at the reverse 
transcriptase stage. Another promising reverse tran- 
scriptase inhibitor is 2'.3'-dideoxy-3*-thia-cytidine (BCH- 
189), which contains an oxathiolane ring substituting for 
the sugar moiety in the nucleoside. 

AZT is a successful anti-HIV drug because it sabo- 
tages the formation of viral DNA inside the host T-4 lym- 
phocyte cell. When AZT enters the cell, cellular kinases 
activate AZT by phosphorylation to AZT triphosphate. 
AZT triphosphate then competes with natural thymidine 
nucleosides for the receptor site of HIV reverse tran- 
scriptase enzyme. The natural nucleoside possesses 
two reactive ends, the first for attachment to the pre^^i- 
ous nucleoside and the second for linking to the next 
nucleoside. The AZT molecule has only the first reactive 
end; once inside the HIV enzyme site, the AZT aside 
groip terminates viral DNA formation because the 
aside cannot make the 3',5'-phosphodiester with the 
ribose moiety of the following nucleoside. 

AZTs clinical benefits include increased longevity, 
reduced frequency and severity of opportunistic infec- 
tions, and increased peripheral CD4 lymphocyte count. 
Immunosorbent assays for viral p24, an antigen used to 
track HIV-1 activity, show a significant decrease with 
use of AZT. However, AZTs benefits must be weighed 
against the severe adverse reactions of bone man-ow 
suppression, nausea, myalgia, insomnia, severe head- 
aches, anemia, peripheral neuropathy, and seizures. 
Furthermore, these adverse side effects occur immedi- 
ately after treatment begins whereas a minimum of six 
weeks of therapy is necessary to realize AZTs benefits. 

Both DDC and D4T are potent inhibitors of HIV rep- 
lication with activities comparable (D4T) or superior 
(DDC) to AZT However, both DDC and D4T are con- 
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verted to their 5' triphosphates less efficiently than their 
natural analogs and are resistent to deaminases and 
phosphorylases. Clinically, both compounds are toxic. 
Currently, DDI is used in conjunction with A2T to treat 
AIDS. However, DDI's side effects include sporadic pan- 
creatis and peripheral neuropathy. Initial tests on 3'- 
fluoro-2'-3'-dldeoxythymidine show that its anti-viral 
activity is comparable to that of AZT. 

Recent tests on BCH-189 have shown that It pos- 
sesses anti-HIV activity similar to AZT and DDC. but 
without the cell toxicity which causes the debilitating 
side effects of AZT and DDC. A sufficient quantity of 
BCH-189 is needed to allow clinical testing and treat- 
ment using the drug. 

The commonly-used chemical approaches for syn- 
thesizing nucleosides or nucleoside analogs can be 
classified Into two broad categories: (1) those which 
modify intact nuceosides by altering the carbohydrate, 
the base, or both and (2) those which modify carbohy- 
drates and incorporate the base, or its synthetic precur- 
sor, at a suitable stage in the synthesis. Because BCH- 
189 substitutes a sulfur atom for a carbon atom In the 
caibohydrate ring, the second approach Is more feasi- 
ble. The most Important factor in this latter strategy 
involves delivering the base from the p-face of the car- 
bohydrate ring in the glycosylation reaction because 
only the p-lsomers exhibit useful biological activity. 

It is well known in the art that the stereoselective 
introduction of bases to the anomeric centers of cartjo- 
hydrates can be controlled by capitalizing on the neigh- 
boring group participation of a 2-substituent on the 
carbohydrate ring fChem. Ber . 114:1234 (1981)). How- 
ever. BCH-189 and its analogs do not possess a 2-sub- 
stitutent and. therefore, cannot utilize this procedure 
unless additional steps to introduce a functional group 
that is both directing and disposable are incorporated 
into the synthesis. TTiese added steps would lower the 
overall efficiency of the synthesis. 

It is also well known in the art that "considerable 
amounts of the undesired a-nucleosides are always 
formed during the synthesis of 2'-deoxyribosides" 
f Chem. Ber. 114:1234, 1244 (1981)). Furthermore, this 
reference teaches that the use of simple Friedel -Crafts 
catalysts like SnCU in nucleoside syntheses produces 
undesirable emulsions upon the workup of the reaction 
mixture, generates complex mixtures of the a and p-iso- 
mers, and leads to stable a-complexes between the 
SnCU and the more basic silyated heterocydes such as 
silyated cytoslne. These complexes lead to longer reac- 
tion times, lower yields, and production of the undesired 
unnatural N-3-nucleosides. Thus, the prior art teaches 
the use of trimethysilyl trrtlate or trimethylsilyl perchlo- 
rate as a catalyst during the coupling of pyrlmidlne 
bases with a cait>ohydrate ring to achieve high yields of 
the biologically active p-isomers. However, the use of 
these catalysts to syntiiesize BCH-189 or BCH-189 
analogs does nob produce the p-isomer preferentially; 
these reactions result in approximately a 50:50 ratio of 



the isomers. 

Thus, there exists a need for an efficient synthetic 
route to BCH-189 and Its analogs. There also exists a 
need for a stereoselective syntiietic route to the biologl- 
5 cally active isomer of these conrpounds, p-BCH-189 
and related p-analogs. Furthermore, there exists a need 
for a stereoselective synthetic route to enantiomerically- 
enriched p-BCH-189 because the other enantiomer is 
inactive and, therefore, represents a 50% impurity. 

10 

pjcini ORURFOF INVENTION 

The preserrt invention relates to the discovery of a 
surprisingly efficient synthetic route to BCH-189 and 
IS various analogs of BCH-189 from inexpensive precur- 
sors with the option of introducing functionality as 
needed. This synthetic route allows the stereoselective 
preparation of the biologically active isomer of these 
compounds, p-BCH-189 and related compounds. Fur- 
20 thermore. the steochemistry at the nucleoside 4' posi- 
tion can be controlled to produce enantiomerically- 
enriched p-BCH-189 and its analogs. 

The term "BCH-189 analogs" is meant to refer to 
nucleosides tinat are formed from pyrimldine bases sub- 
25 stituted at the 5 position tiiat are coupled to substituted 
1 ,3-oxathiolanes. 

The metiiod of the present invention includes ozo- 
nizing an allyl ether or ester having the formula 
CH2=CH-CH2-OR. in which R is a protecting group, 
30 such as an alkyl. silyl. or acyl group, to form a glycoalde- 
hyde having ttie formula OHC-CH2-OR; adding thiogly- 
colic acid to the glycoaldehyde to form a lactone of the 
formula 2-(R-oxy)-methyl-5-oxo-1.3-oxathiolane; con- 
verting the lactone to its corresponding carboxylate at 
35 the 5 position of the oxathiolane ring; coupling the ace- 
tate virith a silyated pyrimidine base in the presence of 
SnCU to form the p-isomer of a 5'-(R-oxy)-2'.3'-dideoxy- 
3'-thia- nucleoside analog; and replacing the R protect- 
ing group with a hydrogen to form BCH-189 or an ana- 
40 log of BCH-189. 

The invention can be used to produce BCH-189 or 
BCH-189 analogs that are enantiomerically-enriched at 
the 4' position by selecting an appropriate R protecting 
group to allow stereoselective selection by an enzyme. 
45 For instance, the R protecting group can be chosen 
such that the substituent at the 2 position of the oxathi- 
olane lactone is butyryloxy to permit stereoselective 
enzymatic hydrolysis by pig liver esterase. The resulting 
optically active hydrolyzed lactone can then be con- 
50 verted to its corresponding diacetate and coupled with a 
silyated pyrimtdine base as above. 

Accordingly, one of the objectives of this invention is 
to provide an efficient metiiod for preparing the p-iso- 
mer of BCH-1 89 and analogs of BCH-189 in high yields. 
55 Furthermore, it is an objective of this invention to pro- 
vide a synthetic method to produce only one optical Iso- 
mer, rather than a racemic mixture, of BCH-189 and 
analogs of BCH-189. A further object of this invention is 
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to provide a synthetic route to produce p-BCH-189 that 
is enantlomerically-enriched. 

Additionally, an objective of this invention is to pro- 
vide intermediates from which BCH-189 or BCH-189 
analogs can be synthesized of the formula 2-(R-oxyme- 
thyl)-5-acyloxy-1 ,3-oxathiolane. wherein R is a protect- 
ing group, such as alkyl, silyl, or acyl, and a method of 
preparing these compounds. Furthermore, it Is an 
object of this invention to provide enantiomerically- 
enriched 2-acetoxymethyl-5-acetQxy-1 ,3-oxathiolane 
and 2-butoxymethyl-5-oxo-1.3-oxathiolane and meth- 
ods of preparing these compounds. 

Another objective of this invention is to provide 
intermediates from which BCH-189 or BCH-189 ana- 
logs can be synthesized of the formula: 




wherein R is a protecting group, such as alkyl, silyl, or 
acyl, and Y can be hydrogen, methyl, halo, alkyl. alke- 
nyt, alkynyt. hydroxalkyi, carboxalkyi, thioalkyl. 
selenoalkyi, phenyl, cycloalkyi, cycloalkenyl, thioaryl. 
and selenoaryl, and methods of preparing these 
coumpounds. 

Furthermore, this invention provides intermediates 
from which BCH-189 or BCH-189 analogs can be syn- 
thesized of the formula: 




wherein R is a protecting group, such as alkyl, silyl. or 
acyl, and Y can be hydrogen, methyl, halo, alkyl, alke- 
nyl, alxynyl, hydroxalkyi, carboxalkyi, thioalkyl, 
selenoalkyi. phenyl, cycloalkyi, cycloalkenyl. thioaryl. 
and selenoaryl, and methods of preparing these 
coumpounds. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates one embodiment of a synthesis 
of BCH-189 and BCH-189 analogs according to the 
present invention; 



ngure 2 illustrates one embodiment of the synthe- 
sis of BCH-189 according to the present invention; 

Figure 3 illustrates one embodiment of the synthe- 
s sis of 5-methylcytidine and thymidine derivatives of 
BCH-189 according to the present invention; and 

Rgure 4 illustrates one embodiment of the synthe- 
sis of enantiomerically-enrlched BCH-189 accord- 
10 Ing to the present invention. 

BEST MODE OF CARRYING OUT THE INVENTION 

BCH-189 is a compound of the formula: 

15 



20 




25 

The process of the present invention for preparing 
BCH-189 and BCH-189 analogs is set forth in Fig. 1 . An 
allyl ether or ester 1 is ozonized to give an aldehyde 2. 

30 which reacts with thiogtycolic add to give a lactone 
The lactone 3 is treated with a reducing agent, followed 
by a cartxjxyltc anhydride, to produce the cartraxylate 4. 
This carboxylate is coupled with a silyated pyrimidine 
base in the presence of a Lewis acid that can catalyze 

35 stereospecific coupling, such as SnCU, to yiekl the p- 
isomer of the substituted nucleoside g in essentially a 
100:0 ratio of p:a isomers. The substituted nucleoside § 
is deprotected to produce BCH-189 or BCH-189 analog 

40 This procedure can be tailored to produce BCH-1 89 
or BCH-189 analogs that are enantiomerically-enriched 
at the 4' position by selecting an appropriate R protect- 
ing group to allow stereoselective enzymatic hydrolysis 
of 3 by an enzyme such as pig liver esterase, porcine 

45 pancreatic lipase, or subtilisin or other enzymes that 
hydrdyze S in a stereoselective fashion. The resulting 
optically active a can be converted to enantiomerically- 
enriched carboxylate 4 and coupled with a silyated pyri- 
midine base as above to produce enantiomerically- 

50 enriched BCH-189 or BCH-1 89 analogs. 

The protecting group R in 1 can be selected to pro- 
vide protection for the corresponding alcohol until the 
final step in the synthesis is carried out (deprotection of 
g to form g). Additionally, the protecting group can be 

55 selected, if desired, to provide an additional recognition 
site for an enzyme to be used later in an enantio-selec- 
tive hydrolysis reaction. Any group that functions in this 
manner may be used. For instance, alkyl. silyl, and acyl 
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protecting groups or groups that possess substantially 
the same properties as these groups can be used. 

An alky! protecting group, as used herein, means 
triphenylmethyl or an alky! group that possesses sub- 
stantially the same protecting properties as triphenyl- s 
methyl. A silyl protecting group, as used herein, means 
a trialkylsilyl group having the formula: 



described below. A trialkylsilyl group, as used herein, 
means a group having the formula: 

|— Si— R, 
R3 



l-Si-R^ 
R3 

wherein R^. R2. and R3 nnay be lower-alkyl. e.g., methyl, 
ethyl, butyl, and alkyi possessing 5 carbon atoms or 
less; or phenyl. Furthermore. R, may be identical to R2: 
Ri. Rg. and R3 may all be identical. Examples of silyl 
protecting groups include, but are not limited to, trimeth- 
ylsilyl and t-butytdiphenylsilyl. 

An acyl group, as used herein to describe an acyl 
protecting group (as in 1) or to describe a carboxylate 
(as in 4), is a group having the formula: 




wherein R' is a lower alkyI, e.g.. methyl, ethyl, butyl, and 
alkyI possessing 5 carbon atoms or less; substituted 
lower alky! wherein the alkyt bears one, two, or more 
simple substituents, including, but not limited to, amino, 
cartmxyl, hydroxy, phenyl, lower-alkoxy, e.g.. methoxy 
and ethoxy; phenyl; substituted phenyl wherein the phe- 
nyl bears one, two, or more simple substituents, includ- 
ing, but not limited to, lower alkyI, halo. e.g.. chloro and 
bromo. sulfate, sulfonyloxy, carboxyl, carbo-lower- 
alkoxy, e.g., cart)omethoxy and carbethoxy, amino, 
mono- and di-lower alkylamino, e.g.. methylamino. 
amido, hydroxy, lower alkoxy, e.g., methoxy and ethoxy, 
lower-alkanoyloxy, e.g., acetoxy. 

A sityated pyrimidine base, as used herein, means 
a compound having the formula: 

X 



wherein X is either a trialkytsitytoxy or a trialkylsi- 
lylamino group, Z is a trialkylsilyl group, and Y is further 



10 

wherein R-,. Rg, and R3 may be lower-alkyl. e.g.. methyl, 
ethyl, butyl, and alkyI possessing 5 carton atoms or 
less, or phenyl. Furthermore. Ri may be identical to R2; 

15 Ri. Rg, and R3 may alt be identical. Examples of tri- 
alkylsilyl groups include, but are not limited to, trimethyl- 
sllyl and t-butyldiphenylsilyl. 

The silyated pyrimidine base may be substituted 
with various Y substituents, including, but not limited to, 

20 hydrogen, methyl, halo, alkyl. alkenyl, alkynyl, hydroxy- 
alkyl. carboxyalkyi, thioalkyi, selenoalkyi, phenyl, 
cycloalkyl. cycloalkenyl, thioaryl, and selenoaryl. at 
position 5 of the sityated pyrimidine base (Y substituent 
in Fig. 1) to modify the properties, such as transport 

25 properties or the rate of metabolism, of the BCH-189 
analog. 

Illustrative examples of the synthesis of BCH-1 89 or 
BCH-189 analogs according to the present invention 
are given in Rgs. 2, 3. and 4 and the following descrip- 
30 tions. 

Figure 2 shows the synthesis of BCH-189 starting 
with allyl alcohol 7. A NaH oil suspension (4.5 g, 60%, 
110 mmol) was washed with THF twice (100 ml x 2) and 
the resulting solid suspended in THF (300 ml). The sus- 

35 pension was cooled to O'C, allyl alcohol 2 (6.8 ml, 100 
mmol) was added dropwise, and the mixture was stirred 
tor 30 minutes at 0°C. t-Butyl-diphenylsilyl chloride (25.8 
ml. 100.8 mmol) was added dropwise at O'C and the 
reaction mixture was stirred for 1 hour at 0*C. The solu- 

40 tion was quenched with water (100 ml), and extracted 
with diethyl ether (200 ml x 2). The combined extracts 
were washed with water, dried over MgSO^, tittered, 
concentrated, and the residue distilled under vacuum 
(90-1 00*C at 0.5-0.6 mm Hg) to give a colorless liquid g 

45 (28 g.. 94 mmol, 94%). (^H NMR: 7.70-7.35 (lOH. m. 
aromatic-H); 5.93 (1H. m, Hg); 5.37 (1H. dt, Hi) J=1.4 
and 14.4 Hz; 5.07 (IH. dt, Hi) J=1.4 and 8.7 Hz; 4.21 
(2H,m. H3);1.07(9H. s. t-Bu)) 

The sityl allyl ether g (15.5 g, 52.3 mmol) was dis- 

50 solved in CHgCIa (400 ml), and ozonized at -78''C. Upon 
completion of ozonolysis, Df^S (15 ml, 204 mmol, 3.9 
eq) was added at -78*'C and the mixture was warmed to 
room temperature and stln^ed overnight. The solution 
was washed with water (100 ml x 2), dried over MgS04. 

55 filtered, concentrated, and distilled under vacuum (1 00- 
1 10**C at 0.5-0.6 mm Hg) to give a colorless liquid g 
(15.0 g. 50.3 mmol, 96%). (^H NMR: 9.74 (IH. s, H- 
CO); 7.70-7.35 (10H. m. aromatic-H); 4.21 {2H, s, - 
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CH2):1.22 (9H. s, t-Bu)) 

Silayted gly(X)aldehyde 9 (15.0 g, 50.3 mmol) was 
dissolved in toluene (200 ml) and thioglycolic acid (3.50 
ml, 50.3 mmol) was added all at once. The solution was 
reftuxed for 2 hours while the resulting water was 
removed with a Dean-Stark trap. The solution was 
cooled to room temperature and washed with saturated 
NaHCOs solution and the aqueous washings were 
extracted with diethyl ether (200 ml x 2). The contined 
extracts were washed with water (1 00 ml x 2), dried over 
MgS04, filtered, and concentrated to give a colorless oil 
10 (16.5 g. 44.3 mmol, 88%). which gradually solidified 
urtder vacuum. Recrystallization from hexane afforded a 
white solid m (15.8 g. 84%). (^H NMR: 7.72-7. ZB (lOH. 
m. aromatic-H): 5.53 (1H, t, Hg) J=2.7 Hz; 3.93 (1H. dd. 
-CHgO) J=9.3 Hz; 3.81 (1H. d. IH4) J=13.8 Hz; 3.79 
(IK dd. -CH2O); 3.58 (IN. d, IH4); 1.02 (9H, s. t-Bu)) 

2-(t-Butyl-diphenytsilyloxy)-methyl-5-oxo-1,2- 
oxathlolane 10 (5.0 g. 13.42 mmol) was dissolved in tol- 
uene (150 ml) and the solution was cooled to -78°C. 
DIbal-H solution (14 ml, 1.0 M in hexanes. 14 mmol) 
was added dropwise, while the inside temperature was 
kept below -70*'C all the time. After the completion of the 
addition, the mixture was stirred for 30 minutes at -78'*C. 
Acetic anhydride (5 ml. 53 mmol) was added and the 
mixture was warmed to room temperature and stin-ed 
overnight. Water (5 ml) was added to the mixture and 
the resulting mixture was stin-ed for 1 hour at room tem- 
perature. The mixture was diluted with diethyl ether (300 
ml), MgS04 (40 g) was added, and the mixture was 
stirred vigorously for 1 hour at room tenperature. The 
mixture was filtered, concentrated, and the residue flash 
chromatographed with 20% EtOAc in hexanes to give a 
colorless liquid H (3.60 g. 8.64 mmol, 64%), which was 
a 6:1 mixture of anomers. {^H NMR of the major isomer: 
770-735 (10H. m, aromatic-H); 6.63 (1H. d. H5) J-4.4 
Hz; 5.47 (1H. t. Hg); 4.20-3.60 (2H. m, -CHgO); 3.27 
(1H, dd. IH4) and 11.4 Hz; 3.09 (1H, d. IH4) 
J=1 1.4 Hz; 2.02 (3H, s. CH3CO): 1.05 (9H. s. t-Bu); ^H 
NMR of the minor isomer: 7.70-7.35 (lOH. m, aromatic- 
H); 6.55 (1 H, d, H5) J=3.9 Hz; 5.45 (1 H, t. Hg): 4.20-3.60 
(2H. m. -CHgO); 3.25 (IH, dd, IH4) J*3.9 and 11.4 Hz; 
3.11 (1H. d. IH4) J=11.4 Hz: 2.04 (3H. s, CH3CO); 1.04 
(9H. s, t-Bu)) 

2-(t-Butyl-diphenylsilyloxy)-methyl-5-acetoxy-1.3- 
oxathiolane H (0.28 g, 0.67 mmof) was dissolved in 
1 .2-dichloroethane (20 ml), and silylated cytosine J2 
(0.20 g, 0.78 mmol) was added at once at room temper- 
ature. The mixture was stirred for 10 minutes and to it 
was added SnC^ solution (0.80 ml. 1.0 M solution in 
CH2CI2. 0.80 mmol) dropwise at room temperature. 
Additional cytosine J2 (0.10 g, 0.39 mmol) and SnC^ 
solution (0.60 ml) were added in a same manner 1 hour 
later After completion of the reaction In 2 hours, the 
solution was concentrated, and the residue was tritu- 
rated with triethylamine (2 ml) and sutijected to flash 
chromatography (first with neat EtOAc and then 20% 
ethanol in EtOAc) to give a tan solid IS (100% p config- 



uration) (0.25 g. 0.54 mmol, 80%). (^H NMR (DMSO- 
d^: 775 (IH, d, Hg) J=7.5 Hz; 7.65-7.35 (10H. m. aro- 
matic-H); 721 and 714 (2H. broad, -NH2); 6.19 (IH. t. 
H5); 5.57 (IH. d. H5); 5.25 (IH. t. H2): 3.97 (IH. dd. - 

5 CH2O) J=3.9 and 11.1 Hz; 3.87 (IH. dd, -CHgO); 3.41 
(IH, dd. IH4.) J=4.5 and 11.7 Hz; 3.03 (IH. dd. IH4.) 
J=?; 0.97 (9H. s. t-Bu)) 

Sllyether 13 (0.23 g, 0.49 mmol) was dissolved in 
THF (30 ml), and to it was added n-Bu4NF solution 

10 (0.50 ml. 1.0 M solution in THF. 0.50 mmoQ dropwise at 
room temperature. The mixture was stirred for 1 hour 
and concentrated under vacuum. The residue was 
taken up with ethanol/triethylamine (2 mI/1 ml), and sub- 
jected to flash chromatography (first with EtOAc. then 

15 20% ethanol In EtOAc) to afford a white solid 14 in 
100% anomeric purity (BCH-189; 0.11 g. 0.48 mmol. 
98%), which was further recrystallized from etha- 
noi/CHCIg/Hexanes mixture. (^H NMR (DMSO-de): 7.91 
(IH. d. Hg) Js7.6 Hz; 7.76 and 7.45 (2H, broad. -NH2); 

20 6.19 (IH, t. Hg.); 5.80 (IH, d, H5) J=7.6 Hz; 5.34 (IH, 
broad, -OH); 5.17 (IH, t. H2); 3.74 (2H. m. - CHgO); 
3.42 (IH. dd, IH4.) J=5.6 and 11.5 Hz; 3.09 (IH. dd, 
1H4.)J=4.5and11.5 Hz) 

BCH-189 and its analogs can also be synthesized 

25 by coupling a silylated uracil derivative with H. Silylated 
uracil derivative 15 (1.80 g. 7.02 mmol) was coupled 
with 11 (1.72 g. 4.13 mmol) In 1 .2-dichloroethane (50 
ml) in the presence of SnCU (5.0 mO as described 
above in the the preparation of the cytosine derivative 

30 13. The reaction was complete after 5 hours. Flash 
chromatography, first with 40% EtOAc in hexane and 
then EtOAc, afforded a white foam Ifi (1.60 g, 3.43 
mmol, 83%). (^H NMR: 9.39 (IH. broad, -NH) 7.90 (IH. 
d, He) J=7.9 Hz; 775-7.35 (10H. m. aromatic-H); 6.33 

35 (1 H. dd. Hs); 5.51 (1 H. d, H5) J=7.9 Hz; 5.23 (1 H. t. H^); 
4.1 1 (1 H, dd, - CHgO) J=3.2 and 1 1 .7 Hz; 3.93 (1 H, dd. 
-CH2O); 3.48 (IH, dd. IH4) J=5.4 and 12.2 Hz; 3.13 
(1 H. dd. 1 H4.) J=3.2 and 1 2.2 Hz) 

The uracil derivative Ifi can be converted to the 

40 cytosine derivative IS- The uracil derivative 16 (0.20 g, 
0.43 mmol)was dissolved in a mixture of pyridine/dichio- 
roethane (2 nU/IO ml), and the solution cooled to O'C. 
Triflic anhydride (72 0.43 mmol) was added dropwise 
at 0*0 and the mixture was warmed to room tempera- 

45 ture and stin-ed for 1 hour. Additional triflic anhydride 
(0.50 p\. 0.30 nvnol) was added and the mixture stirred 
for 1 hour. TLC showed no mobility with EtOAc. The 
reaction mixture was then decannulated into a NHa-sat- 
urated methanol solution (30 ml) and the mixture was 

so stirred for 12 hours at room tenperature. The solution 
was concentrated, and the residue subjected to flash 
chromatography to give a tanned foam IS (0.18 g. 0.39 
mmol. 91%), which was identical with the compound 
obtained from the cytosine coupling reaction. 

55 Rg. 3 Illustrates the synthesis of 5-methylcytidlne 
and t^vmidine derivatives of BCH-189. The acetate H 
(0.93 g. 2.23 mmol) in 1 .2-dichloroethane (50 ml),was 
reacted with the silylated thymine derivative 12 (1.0 g. 
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3.70 mmol), and SnCU solution (4.0 ml) in a manner 
similar to that described for the preparation of cytosine 
derivative IS- (^H NMR: 8.10 (1H. broad. NH): 7.75- 
7.30 (11H. m. 10 Aromatic H's and IHg); 6.32 (1H, t. 
Hi ) J=5.4 Hz; 5.25 (1H. t, H4) J=4.2 Hz; 4.01 (1H. dd. 
IH5.) J=3.9 and 11.4 Hz; 3.93 (1H, dd. IH5.) J=4.5and 
11.4 Hz; 3.41 (1H. dd, IH2) J=5.4 and 11.7 Hz; 3.04 
(1H. dd. IH2) J=5.7 and 11.7 Hz: 1.75 {3H. s. CH3); 
1.07 {9H. s. t-Bu)) 

The thymine derivative Ifi (0.20 g. 0.42 mmol) was 
dissolved in a mixture of pyrldine/dichloroethane (2 
ml/10 ml), and the solution cooled to CC. To It was 
added triflic anhydride (100 ^1. 0.60 mmol) dropwise at 
0°C. and the mixture was allowed, with continuous stir- 
ring, to warm to room temperature. After reaching room 
temperature, it was stin-ed for 1 hour. TLC showed no 
mobility with EtOAc. The reaction mixture was then 
decannulated into the NHa-saturated methanol solution 
(20 ml), and the mixture stirred for 12 hours at room 
temperature. The solution was concentrated, and the 
residue was subjected to flash chromatograhy to give a 
tanned foam IS (0.18 g. 0.38 mmol, 90%). (^H NMR: 
7.70-7.30 (12H. m, 10 Aromatic H's. INH and He); 6.60 
(1 H. broad. INH); 6.34 (1 H. t. Hv) J=4.5 Hz; 5.25 (1 H, t. 
H4.) J=3.6 Hz: 4.08 (1H. dd. IH5.) J=3.6 and 11.4 Hz; 
3.96 (IH. dd. IH5) J=3.6 and 11.4 Hz; 3.52 (IH. dd. 
IH2) J=5.4 and 12.3 Hz; 3.09 (IH, dd. ^H^) J=3.9 and 
12.3 Hz; 1.72 (3H. s. CH3); 1.07 (9H. S. t-Bu)) 

Silylether 19 (0.18 g. 0.38 mmol) was dissolved in 
THF (20 ml), and an n-Bu4NF solution (0.50 ml, 1.0 M 
solution in THF, 0.50 mmol) was added, dropwise. at 
room temperature. The mixture was stirred for 1 hour 
and concentrated under vacuum. The residue was 
taken up with ethanol/tri ethyl amine (2 ml/1 ml), and sub- 
jected to flash chromatography (first with EtOAc, then 
20% ethanol in EtOAc) to afford a white solid 20 (0.09 g, 
0.37 mmol. 97%). which was futher recrystallized from 
ethanol/CHCIa/Hexanes mixture to afford 82 mg of pure 
compound (89%). (^H NMR: (ind^-DMSO): 7.70 (IH. s. 
He); 7.48 and 7.10 {2H. broad, NH2); 6.19 (IH, t. Hy) 
Jr6.5 Hz; 5.31 (IH. t. OH); 5.16 (IH. t, IH4.) J=5.4 Hz; 
3.72 (2H. m. 2H5) 3.36 (1H. dd. IHg) J=6.5 and 14.0 
Hz; 3.05 (IH. dd, IHg) J=6.5 and 14.0 Hz; 1.85 (3H. s. 
CH3)) 

Silylether Ifi (0.70 g. 1.46 mmol) was dissolved in 
THF (50 ml), and an n-Bu4NF solution (2 ml, 1 .0 M solu- 
tion in THF. 2 mmol) was added, dropwise, at room tem- 
perature. The mixture was stirred for 1 hour and 
concentrated under vacuum. The residue was taken up 
with ethand/triethylamine (2 ml/1 ml), and subjected to 
flash chromatography to afford a white solid 21 (0.33 g, 
1.35 mmol. 92%). (^H NMR: (in d^-Acetone): 9.98 (IH. 
broad. NH); 7.76 (IH. d. Hg) J=1.2 Hz; 6.25 (IH: t, H4) 
J=5.7 Hz; 5.24 (1H. t, Hv) J=4.2 Hz; 4.39 (IH. t. OH) 
J=5.7 Hz; 3.85 (IH. dd. 2Hy) J=4.2 and 5.7 Hz; 3.41 
(IH. dd, IH2) J«5.7 and 12.0 Hz; 3.19 (IH. dd, ^H^) 
J=5.4 and 12.0 Hz; 1.80 (3H, s. CH3)) 

Fig. 4 illustrates the synthesis of enantiomerically- 



enriched BCH-189 and its analogs. Allyl butyrate 22 
(19.0 g. 148 mmol) was dissolved in CH2CI2 (400 ml), 
and ozonized at -78^C. Upon completion of ozonolysis, 
dimethyl sulfide (20 ml, 270 mmol. 1 .8 eq) was added at 

5 -78°C and the mixture was warmed to room tempera- 
ture and stirred overnight. The solution was washed 
with water (100 ml x 2), dried oyer MgS04, filtered, con- 
centrated, and distilled under vacuum (70-80*C at 0.5- 
0.6 mm Hg) to give a colorless liquid (17.0 g. 131 

,0 mmol, 88%). (^H NMR: 9.59 (IH. s, H-CO); 4.66 (2H. s. 
-CH2O); 2.42 (2H. t. CH2CO) J=7.2 Hz; 1.71 (2H. sex. - 
CH2); 0.97 (3H. t, CH3) J=7.2 Hz) (IR (neat): 2990, 
2960, 2900. 1750. 1740. 1460, 1420, 1390. 1280. 1190. 
1 110, 1060. 1020. 990. 880, 800. 760) 

15 Butyryloxyacetaldehyde 2^ (1 5.0 g. 1 1 5 mmol) was 
dissolved in toluene (200 ml) and mixed with thioglycolic 
acid (8.0 ml. 1 15 mmol). The solution was refluxed for 5 
hours while the resulting water was removed with a 
Dean-Stark trap. The solution was cooled to room tem- 

20 perature and was transferred to a 500 ml separatory 
funnel. The solution was then washed with saturated 
NaHCOs solution. These aqueous washing were 
extracted with diethyl ether (200 ml x 2) to recuperate 
any crude product from the aqueous layer. The ether 

25 extracts were added to the toluene layer and the result- 
ing mixture was washed with water (100 ml x 2). dried 
over MgS04, filtered, concentrated, and distilled under 
vacuum {70-80''C at 0.5-0.6 mm Hg) to give a colorless 
oil 24 (19 g. 93 mmol, 81%). (^H NMR; 5.65 (1H, dd, H5) 

30 J=5.0 and 1 .4 Hz; 4.35 (1 H. dd, -CH2O) J=3.2 and 1 2.2 
Hz; 4.29 (IH, dd. -CHgO) J=5.7 and 12.2 Hz; 3.72 (IH. 
d. -CH2S) J=16.2 Hz; 3.64 (IH, d. -CH2S; 2.34 (2H. t. - 
CH2CO) J=7.2 Hz; 1.66 (2H. sex. - CH2); 0-95 (3H, t. 
CH3) J=7.2 Hz) (IR (neat): 2980. 2960. 2900. 1780, 

35 1740. 1460, 1410. 1390. 1350, 1300. 1290. 1260. 1220. 
1170. 1110. 1080. 1070. 1000.950.910,830. 820,800, 
760). 

Pig liver esterase solution (90 ^1) was added to a 
buffer solution (pH 7, 100 ml) at room temperature, and 

40 the mixture stin-ed vigorously for 5 minutes. The 
butyrate 24 (2.8 g. 13.7 mmol) was added, all at once, to 
the esterase/buffer solution and the mixture was stirred 
vigorously at room temperature for 2 hours. The reac- 
tion mixture was poured into a separatory funnel. The 

45 reaction flask was washed with ether (10 ml) and the 
washing was combined with the reaction mixture in the 
funnel. The combined mixture was extracted with hex- 
anes three times (100 ml x 3). The three hexane 
extracts were combined and dried over MgS04, filtered. 

50 and concentrated to give the optically active butyrate 24 
(1.12 g, 5.48 mmol. 40%). Enantiomeric excess was 
determined by an NMR experiment using a TrisI3-hep- 
tafluoropropyl-hydroxymethylene)-(+)-camphoratol 
europium (111) derivative as a chemical shift reagent; this 

55 procedure showed approxinnatety 40% enrichment for 
one enantiomer. The remaining aqueous layer from the 
reaction was subjected to a continuous extraction with 
CH2CI2 for 20 hours. The organic layer was removed 



7 



13 



EP 0 872 237 A1 



14 



from the extraction apparatus, dried over MgSO^, fil- 
tered, and concentrated to give an oil {1 .24 g). which 
was shown by NMR analysis to consist of predominately 
the 2-hydroxymethyl-5-oxo-1,3-oxathiolane 25 with 
small amounts of butyric add and the butyrate 24. 

The lactone 25 (0.85 g, 4.16 mmol) was dissolved 
in toluene (30 ml), and the solution cooled to -78'C. 
Dibal-H solution (9 ml, 1.0 M in hexanes, 9 mmol) was 
added dropwise. while the inside temperature was kept 
below -70**C throughout the addition. After the addition 
was completed, the mixture was stirred for 0.5 hours at 
- 78°C. Acetic anhydride (5 ml, 53 mmol) was added 
and the mixture, with continuous stirring, was allowed to 
reach room temperature overnight. Water (5 ml) was 
added to the reaction mixture and the resultant mixture 
was stirred for 1 hour. MgS04 (40 g) was then added 
and the mixbjre was stin-ed vigorously for 1 hour at room 
temperature. The mixture was filtered, concentrated, 
and the residue flash chromatographed with 20% 
EtOAc in hexanes to give a colorless liquid 26 (0.41 g, 
1 .86 mmol, 45%) which was a mixture of anomers at the 
C-4 position. 

The 2-Acetoxymethyl-5-acetoxy-1 ,3-oxathiolane 2fi 
(0.40 g, 1 .82 mmol) was dissolved in 1 ,2-dichloroethane 
(40 ml), and to it the silylated cytosine 12 (0.70 g. 2.74 
mmol) was added, all at once, at room temperature. The 
mixture was stinted for 10 minutes, and to it a SnCl4 
solution (3.0 ml, 1.0 M solution in CH2CI2, 3.0 mmol) 
was added, dropwise, at room temperature. Additional 
SnCU solution (1.0 ml) was added after 1 hour. The 
reaction was followed by TLC. Upon completion of the 
coupling, the solution was concentrated, the residue 
was triturated with triethylamine (2 ml) and subjected to 
flash chromatography (first with neat EtOAc then 20% 
ethanol in EtOAc) to give a tan solid 22 (0.42 g, 1.55 
mmol, 86%). (^H NMR: 7.73 (1H, d, Hg) J=7.5 Hz; 6.33 
(1H. t. H4.) J=4.8 Hz; 5.80 (1H. d. H5) J=75 Hz; 4.52 
(1H, dd, IH5) Jn5.7 and 12.3 Hz; 4.37 (1H. dd. IH5) 
J=3.3 and 12.3 Hz; 3.54 (1H. dd. Hg) J=5.4 and 12.0 
Hz; 3.10 (1H, dd, IH3); 2.11 {3H. s. CH3)) 

The 5'-Acetate of BCH-189 27 (140 mg. 0.52 mmol) 
was dissolved in anhydrous methanol (10 ml), and to it 
was added sodium methoxide (110 mg, 2.0 mmol) in 
one portion. The mixture was stirred at room tenrpera- 
ture until the hydrolysis was complete. The hydrolysis 
took about 1 hour, and the reaction was followed by 
TLC. Upon completion, the mixtijre was then concen- 
trated, and the residue taken up with ethanol (2 ml). The 
etiianol solution was subjected to column chromatogra- 
phy using ethyl acetate first, then 20% ethanol in EtOAc 
to afford a white foam (1 10 mg, 92%), which exhibited 
an NMR spectrum identical to that of autiientic BCH- 
189. 14. 



Claims 

1. A method of preparing the p-isomer of an antiviral 
nucleoside analog comprising the steps of: 



10 



IS 



(a) reducing a lactone having the formula: 



wherein R is a protecting group, to form 
a cariDoxylate, said carboxylate having the for- 
mula: 



R-0 




OR' 



20 



25 



30 



35 3. 



40 



wherein R" is an acyl group; 

(b) coupling said cartx)xylate with a silyated 
pyrimidine base in tiie presence of an effective 
amount of SnCU to form the p-isomer of a 5' 
substituted 2',3'-dideoxy-3'-thia- nucleoside; 
and 

(c) replacing said protecting group from the 5' 
position of said nucleoside with a hydrogen to 
form said antiviral nucleoside analog. 

TTie metiiod of Claim 1, wherein said protecting 
group is selected from the group consisting essen- 
tially of alkyl, silyl, and acyl. 

TTie method of Claim 1 , wherein said silyated pyri- 
midine base has the formula: 



45 



50 



55 



4. 



wherein X is selected from the group con- 
sisting essentially of ti-ialkysilyloxy and trialkylsi- 
lylamino; 

wherein Y is selected from the group con- 
sisting essentially of hydrogen, methyl, halo, alkyl, 
alkenyl, alkynyt. hydroxyalkyl. carboxyalkyl. thio- 
alkyt, selenoalkyl. phenyl, cycloalkyi, cycloalkenyl. 
thioaryl, and selenoaryl; and 

wherein Z is a ti-ialkylsilyl group. 

The method of Claim 1 , wherein said antiviral nucl- 
eoside analog is BCH-189. 
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5. The method of Claim 1 , wherein said antiviral nucl- 




wherein Y is selected from the group con- is 
sisting essentially of halo, alkyl. alkenyl, alkynyl, 
hydroxyalkyl. cartx>xyalkyl. thioalkyl. selenoalkyl, 
phenyl, cydoalkyl. cycloalkenyl, thioaryl. and 
selenoaryl. 

20 

6. The method of Claim 1 , wherein said antiviral nucl- 
eoside analog comprises the formula: 




25 



30 



wherein Y is selected from the group con- 
sisting essentially of hydrogen, halo. alky!, alkenyl. 35 
alkynyl. hydroxyalkyl. cart»oxyalkyl, thioalkyl. 
selenoalkyl, phenyl, cydoalkyl, cycloalkenyl, thio- 
aryl. and selenoaryl. 

7. The method of Claim 1 , wherein said antiviral nuci- 40 
eoside analog conprises the formula: 




45 



50 



55 

8. The method of Claim 1 . wherein said antiviral nucl- 
eoside analog comprises the formula: 



9. The method of Claim 1, further comprising the 
steps prior to (a) of: 

(1) ozonizing a compound having the formula 
CH2CHCH2OR to form a glycoaldehyde having 
the formula OHCCH2OR. wherein R is selected 
from the group consisting essentially of alkyl, 
silyl, and acyl; and 

(2) adding an effective amount of thioglycolic 
acid to said glycoaldehyde to form sakJ lactone. 

10. TTie method of Claim 1. wherein said reduction of 
said lactone is accomplished by addition of a reduc- 
ing agent followed by addition of an effective 
amount of a carboxylic anhydride. 

11. The method of Claim 10, wherein said reducing 
agent is selected from the group consisting essen- 
tially of DIBAL-H. RED-AL. and NaBH4. 

12. The method of Claim 1. wherein said replacement 
of said protecting group is accomplished by addi- 
tion of an effective amount of {n-C4Hg)4NF. 

13. The method of Claim 1, wherein said replacement 
of said protecting group is accomplished by addi- 
tion of an effedive amount of sodium methoxide. 

14. A method of preparing an enantiomerically- 
enriched p-isomer of an antiviral nucleoside analog 
comprising the steps of: 

(a) adding an effective amount of a stereose- 
lective enzyme to a lactone having the formula: 




wherein R is an acyl protecting group, to 
form enantiomerically-enriched 2-hydroxyme- 
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thyl-5-oxo-1 ,3-oxathialane; 

(b) reducing said enantiomerically-enriched 2- 
hyclroxymethyl-5-oxo-1,3-oxathlolane to form 
an enantiomerically-enriched 2-acyloxymethyt- 
5-acyloxy-l ,3-oxathiolane; 

(c) coupling said enantiomerically-enriched 2- 
acyioxymethyl-5-acylQxy-1,3-oxathiolane with 
a silyated pyrimidine t>ase in the presence of 
an effective amount of SnO^ to form the p-iso- 
mer of a 2'.3'-dideoxy-5'-acyloxymethyl-3'-thia- 
nucleoside: and 

(d) replacing the S'-acyloxymethyl substituent 
of said nucleoside with a hydroxymethyl sub- 
stituent to form said antiviral nucleoside ana- 
log. 

1 5. The method of Claim 1 4, wherein said silyated pyri- 
midine base has the formula: 



A 



wherein X is selected from the group con- 
sisting essentially of trial kylsilyloxy and trialkylsi- 
lylamino; 

wherein Y is selected from the group con- 
sisting essentially of hydrogen, methyl, hato, alkyi, 
alkenyl, alkynyl, hydroxyaikyl, cartxsxyalkyi, thio- 
alkyl, selenoalkyl. phenyl, cycloalkyl. cycloalkenyl, 
thioaryl, and selenoaryl; and 

wherein Z is a trialkylsilyl group. 



selenoaryl. 

18. The method of Claim 14, wherein said antiviral 
nucleoside analog comprises the formula: 



10 



IT 



HO-, ^ 



15 



20 



25 



30 



35 



wherein Y is selected from the group con- 
sisting essentially of hydrogen, halo, alkyl. alkenyl. 
alkynyl. hydroxyaikyl, cartwxyalkyl, thioalryl, 
selenoalkyl, phenyl, cycloalkyl. cycloalkenyl, thio- 
aryl, and selenoaryl. 

19. The method of Claim 14, wherein said antiviral 
nucleoside analog comprises the formula: 



16. The method of Claim 14, wherein said antiviral 

nucleoside analog is BCH-189. 20. The method of Claim 14. wherein said antiviral 

40 nucleoside analog comprises the formula: 

17. The method of Claim 14, wherein said antiviral 

nucleoside analog comprises the formula: ^ 

HO-, I 



45 



50 



wherein Y is selected from the group con- ss 21. The method of Claim 14, further conprising the 

sisting essentially of halo, alkyl, alkenyl, alkynyl, steps prior to (a) of: 
hydroxyaikyl. carlxwcyalkyl, thioalkyl. selenoalkyl, 

phenyl, cydoalkyt, cycloalkenyl. thioaryl, and (1) ozonizing a compound having the formula 
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CH2CHCH2OR to form a glycoaldehyde having 
the formula OHCCHgOR. wherein R is is an 
acyl group; and 

(2) adding an effective amount of thioglycolic 
acid to said glycoaldehyde to form said lactone. 5 

22. The method of Claim 14, wherein said reduction of 
said lactone Is accomplished by addition of a reduc- 
ing agent followed by addition of an effective 
amount of a carboxylic anhydride. 10 

23. The method of Claim 22. wherein said reducing 
agent is selected from the group consisting essen- 
tially of DIBAL-H, RED-AL and NaBH^. 



24. The method of Claim 14, wherein said stereoselec- 
tive enzyme is selected from the group consisting of 
pig liver esterase, porcine pancreatic lipase, and 
subtilisin. 

25. The method of Claim 14, wherein said replacement 
of said protecting group is accomplished by addi- 
tion of an effective amount of sodium methoxide. 



IS 



20 



reducing agent followed by addition of an effective 
amount of a cartjoxylic anhydride. 

28. The method of Claim 26, wherein said reducing 
agent is selected from the group consisting essen- 
tially of DIBAL-H, RED-AL. and NaBH4. 

29. The method of Claim 26, wherein said protecting 
group is selected from the group consisting essen- 
tially of alkyl. silyl, and acyl. 

30. A carboxylate having the formula: 



R-O 




OR' 



wherein R is selected from the group con- 
sisting essentially of alkyl, silyl, and acyl; and 
wherein R' Is an acyl group. 



26. A method of preparing a carboxylate having the for- 25 31 . An acetate having the formula: 
mula: 



R-O 




OR' 



RO 



30 




OAC 



wherein R is a protecting group; and 
wherein R' is an acyl group, comprising the 
steps of: 

(a) ozonizing a compound having the formula 
CHgCHCHgOR to form a glycoaldehyde having 
the formula OHCCH2OR, wherein R is a pro- 
tecting group; 

(b) adding an effective amount of thioglycolic 
acid to said glycoaldehyde to form a lactone 
having the formula: 



;and 

(c) reducing said lactone to form said carboxy- 
late. 

27. The method of Claim 26, wherein said reduction of 
said lactone is accomplished by a addition of a 



35 



40 



4$ 



50 



55 



wherein R is selected from the group con- 
sisting essentially of alkyl, silyl, and acyl. 

32. A method of preparing enatiomerically-enriched 2- 
acyloxymethyl-5-acyloxy-1 .3-oxathiolane compris- 
ing the steps of: 

(a) ozonizing acompound having the formula 
CH2CHCH2OR to form a glycoaldehyde having 
the formula OHCCH2OR, wherein R is a pro- 
tecting group; 

(b) adding an effective anraunt of thioglycolic 
acid to said glycoaldehyde to form a lactone 
having the formula: 



;and 

(c) adding an effective amount of a stereose- 
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lective enzyme to said lactone to form enantio- 
merically-enriched 2-hydraxymethyl-5-oxo-1 .3- 
oxathialane; and 

(d) reducing said enantiomerically-enriched 2- 
hydraxymethyj-S-oxo-I.S-axathiotane to form s 
enantiomerically-enriched 2-acyloxymethyl-5- 
acy1oxy-1 ,3-oxathiolane. 

33. The method of Claim 32, wherein said reduction of 
said enantiomerically-enriched 2-butyryloxymethy1- io 
5-0x0-1 ,3-oxatNotane is accomplished by a addi- 
tion of a reducing agent followed by addition of an 
effective amount of a cartxsxylic anhydride. 

34. The method of Claim 32, wherein said reducing is 
agent is selected from the group consisting essen- 
tially of DIBAL-H, RED-AL, and NaBH4. 

35. The method of Claim 32, wherein said stereoselec- 
tive enzyme is selected from the group consisting of 20 
pig liver esterase, porcine pancreatic lipase, and 
subtilisin. 



midine base has the formula: 



X 



wherein X is selected from the group con- 
sisting essentially of trialkylsilyloxy and trialkylsi- 
lytamino; 

wherein Y is selected from the group con- 
sisting essentially of hydrogen, methyl, halo, alkyl. 
alkenyl, alkynyl. hydroxyalkyl. caitx)xyalkyl, thio- 
alkyl, selenoalkyi, phenyl, cycloalkyl. cycloalkenyl. 
thioaryl, and selenoaryl; and 

wherein Z is a trialkylsilyl group. 

43. A substituted nucleoside having the formula: 



36. The method of Claim 32. wherein said protecting 
group is selected from the group consisting essen- 
tially of alkyl, silyl, and acyl. 

37. Enantiomerically-enriched 2-hydroxymethyl-5-oxo- 
1 ,3-Qxathiolane. 

38. Enantiomerically-enriched 2-acy1oxymethyl-5-acy- 
loxy-1 ,3-oxathiolane. 

39. Enantiomerically-enriched 2-acetoxymethyl-5-ace- 
toxy-1 ,3-oxathiolane. 

40. A method of preparing the p-isomer of a substituted 
nucleoside comprising ttie step coupling a cartx}xy- 
late having the formula: 



R-O 




OR' 



41. The metiiod of Claim 40, wherein said protecting 
group is selected from the group consisting essen- 
tially of alkyl, silyl, and acyl. 

42. The method of Claim 40. wherein said silyated pyri- 



25 



30 



35 



46 



wherein R is a protecting group; and 
wherein R' is an acyl group, with a silyated 
pyrimidine base in tiie presence of an effective so 
amount of SnCl4 to form the p-isomer of a 5* substi- 
tuted 2',3'-dideaxy-3'-thia- nucleoside. 



55 



wherein R is selected from the group con- 
sisting essentially of alkyl, silyl, and acyl; and 

wherein Y is selected from the group con- 
sisting essentially of alkyl, alkenyl, alkynyl, hydroxy- 
alkyl, carboxyalkyi, ttiioalkyi, selenoalkyi, phenyl, 
cycloalkyl, cycloalkenyl, thioaryl, and selenoaryl. 



40 44. A substituted nucleoside having the formula: 



wherein R is selected from the group con- 
sisting essentially of alkyl, silyl, and acyl; and 

wherein Y is selected from the group con- 
sisting essentially of alkyi. alkenyl, alkynyl. hydroxy- 
alkyl, cartxjxyalkyi, thioalkyl. seienoalM, phenyl, 
cycloalkyl, cycloalkenyl. thioaryl, and selenoaryl. 
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45. A substituted nucleoside having the formula: 



24 



10 



wherein R is selected from the group con- 
sisting essentially of alkyl. silyl. and acyl; and 

wherein Y is a hydrogen. is 



IT 



wherein R is selected from the group con- 
sisting essentially of alkyl, silyl, and acyl; and 

wherein Y is selected from the group con- 
sisting of chloro. bromo, f luoro, and iodo. 



46. A substituted nucleoside having the formula: 



49. A sut>stituted nucleoside having the formula: 




wherein R is selected from the group con- so 
sisting essentially of alkyl, silyl, and acyl; and 
wherein Y is a hydrogen. 

47. A substituted nucleoside having the formula: 

35 




40 



wherein R is selected from the group con- 
sisting essentially of alkyl, silyl. and acyl: and 

wherein Y is selected from the group con- 
sisting of chloro. bromo, fluoro. and iodo. so 

48. A substituted nucleoside having the formula: 



wherein R is selected from the group con- 
sisting essentially of alkyl, silyl. and acyl; and 
wherein Y is a methyl group. 

50. A substituted nucleoside having the formula: 




wherein R is selected from the group con- 
sisting essentially of alkyl, silyl. and acyl; and 
wherein Y is a methyl group. 

51. An enantiomerically-enriched substituted nucleo- 
side having the formula: 



55 
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wherein R is selected from the group con- 
sisting essentially of alkyi, silyl, and acyl; and 

wherein Y is selected from the group con- 
sisting essentially of alkyl. alkenyl. alkynyl, hydroxy- 
alkyl, cartx}xyalkyl, thioalkyi, selenoalkyl, phenyl, 
cydoalkyi, cycloalkenyl, thioaryl, and selenoaryl. 

52. An enantromerically-enrlched substituted nucleo- 
side having the formula: 




wherein R Is selected from the group con- 
sisting essentially of alkyl. silyl, and acyl; and 

wherein Y is selected from the group con- 
sisting essentially of alkyl, alkenyl, alkynyl, hydroxy- 
alkyl, cart>oxyalkyl, thioalkyi, selenoalkyl, phenyl, 
cydoalkyi, cycloalkenyl, thioaryl, and selenoaryl. 

53. An enantiomerically-enriched substituted nucleo- 
side having the formula: 




wherein R is selected from the group con- 
sisting essentially of alkyl, silyl, and acyl; and 
wherein Y is a hydrogen. 

54. An enantiomerically-enriched substituted nucleo- 
side having the formula: 




wherein R is selected from the group con- 
sisting essentially of alkyl, silyl, and acyl; and 
wherein Y is a hydrogen. 

55. An enantiomerically-enriched substituted nucleo- 
side having the formula: 




wherein R is selected from the group con- 
sisting esserrtially of alkyl, silyl, and acyl; and 

wherein Y is selected from the group con- 
sisting essentially of chloro, bromo, ftuoro, and iodo. 

56. An enantiomerically-enriched substituted nucleo- 
side having the formula: 




wherein R is selected from the group con- 
sisting essentially of alkyl, silyl, and acyl; and 

wherein Y is selected from the group con- 
sisting essentially of chloro, bromo, f luoro, and iodo. 

57, An enantiomerically-enriched substituted nucleo- 
side having the formula: 
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It) 



wherein R is selected from the group con- 
sisting essentially of alkyl, silyl, and acyl; and 
wherein Y is a methyl group. 

58. An enantiomerically-enriched substituted nucleo- 
side having the formula: 



15 



wherein Y is selected from the group con- 
sisting of chloro, bromo. f louro. and iodo. 

61. A compound of the formula: 



wherein R is selected from the group con- 
sisting essentially of alkyl. silyl. and acyl; and 
wherein Y is a methyl group. 

59. A compound of the formula: 



20 



25 



30 



wherein Y is selected from the group con- 
sisting essentially of alkyl, alkenyl. alkynyl, hydroxy- 
alkyl. cartxjxyalkyl, thioalkyl. selenoalkyl. phenyl, 
cycloalkyi, cycloalkenyl. thioaryl, and selenoaryl. 

62. A compound of the formula: 



HO 



60. A compound of the formula: 



35 



40 



45 



50 



HO 



63. A connpound of the formula: 
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wherein Y is selected from the group con- 
sisting of chloro. bromo, flouro, and iodo. 

64. A compourxl of the formula: 




wherein Y Is selected from the group con- 
sisting essentially of alky), alkenyl, alkynyl, hydroxy- 
alkyl, cart)oxyalkyl, thioalkyt, selenoalkyl. phenyl, 
cydoalkyl, cyctoalkenyt, thioaryl, and selenoaryl. 

65. A compound of the formula: 




5 



JO 




IS 

67. An enarrtiomerically-enriched compound of the for- 
mula: 




30 wherein Y is selected from the group con- 

sisting of chloro. bromo. flouro. and iodo. 

68. An enarrtiomerically-enriched compound of the for- 
mula: 

35 



40 




45 

66. An enantiomerically-enriched compound of the for- 
mula: wherein Y is selected from the group con- 
sisting essentially of alkyl. alkenyl. alkynyl. hydroxy- 
alkyl, carboxyalkyl. thioalkyi, selenoalkyl, phenyl, 
so cydoalkyl. cycloalkenyl, thioaryl. and selenoaryl. 



69. An enantiomerically-enriched conpound of the for- 
mula: 



55 
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wherein Y is selected from the group con- 
sisting of chloro, bromo. flouro, and iodo. 

71. An enantiomerlcally-enrlched compound of the for- 
mula: 




35 



40 



wherein Y Is selected from the group con- 45 
sisting essentially of alkyl- alkenyl, alkynyl, hydroxy- 
alkyl. cartDoxyalkyl, thtoalkyl. selenoaikyl. phenyl, 
cydoalkyl. cycloalkenyl. thioaryl. and selenoaryl. 

72. An enantiomerically-enriched compound of the for- so 
mula: 



55 
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Figure 1 
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* - Product obtained 
depends on X. 
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Figure 2 
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